The purpose of this study is to attempt to evaluate the knowledge of medical rescue personnel
INTRODUCTION
Although each minute of delay in undertaking cardiopulmonary resuscitation results in lowering the chances for the patient's survival by 10-12%, after 4 minutes, irreversible changes occur in the brain which are caused by anoxia [1] [2] [3] [4] . However, in order to make resuscitation procedures effective, which would limit consequences of asphyxia, it is necessary that medical personnel understand the differences in management of paediatric patients [5, 6] .
Systematized knowledge and awareness of the necessity to undertake resuscitation in children play an important role in early diagnostics, suitable mana gement and eliminating complications in children in life-threatening conditions. In some countries, including Poland, during their medical studies, medical personnel undergo classes on cardiopulmonary resuscitation in adults and in children in each age group [7, 8] .
Unfortunately, the professional literature does not provide reports on problems in cardiopulmonary resuscitation in children which occur in the practice of medical rescue teams. In reference to the aforementioned issue, it seems therefore to be justified to conduct research in order to evaluate the level of knowledge in medical rescue personnel within the scope of advanced resuscitation procedures in children.
The aim of the study was to evaluate the knowledge of medical rescue personnel within the scope of advanced resuscitation procedures in children.
MATERIAL AND METHODS
482 persons working in the Medical Rescue System in Poland were included in the survey. The survey was conducted within the period of January to June 2016. More specifically, 85 physicians, 140 nurs-es and 257 paramedics participated in this survey. The age of the respondents ranged from 21 to 65 years, while the mean age in the study group was 30.19 years (SD ± 7.2). Among the respondents, the proportion of males to females was 1:1. The largest group (32%) included respondents, whose work experience was 5-10 years.
The diagnostic poll method with a questionnaire was used in the study. The questionnaire was developed especially for the purpose of this analysis and constituted a tool in this study. It comprised a socio-demographic section (5 questions) and a core section (18 questions).
Due to the various professions involved, the evaluated persons were assigned into three groups. Group I comprised physicians (n = 85), group II comprised nurses (n = 140), while the group III comprised pa ramedics (n = 257).
Research material was encoded in Excel software and processed with the STATISTICA 10.0 statistical package. Normality in the distribution of variables was evaluated using a significance level of a p-value in the Kolmogorow-Smirnow test. In case of normal distribution, mean differences were evaluated with a Student-t test. For evaluation of differences among the groups, a nonparametric test was used. Statistically significant differences among the groups were calculated with a nonparametric Kruskal-Wallis test for many independent groups (H). Results were assumed as statistically significant if the p-value was lower than 0.05.
RESULTS
One of the first questions in the questionnaire expected those participating in this study to answer was whether they had previously taken part in training on cardiopulmonary resuscitation in children. Indeed, 296 persons, i.e. 65.5% of all respondents, declared that they had participated in a course regarding this question. The percentage of those who had completed a PALS (Paediatric Advanced Life Support) course in group I was 37%, in group II -50%, and in group III -76% (H = 46.2427, p < 0.001). In addition, the respondents were asked whether in their opinion PALS courses should be obligatory for all medical personnel. Although 97% respondents agreed they should, 3% (n = 14) responded that they had no opinion on this subject.
This study also constituted an attempt to acquire knowledge about self-evaluation regarding the knowledge of the respondents regarding advanced resuscitation procedures in children (PALS). Respondents graded themselves using 1-5 scale, where "1" meant no knowledge, and "5" meant a very good knowledge. Although the mean self-evaluation of all respondents was 4.2 ± 0.6 points, the highest grades were self-assigned by persons from the group II (Fig. 1) . Analysis revealed statistically signi ficant differences in selfevaluation in the respective groups (H = 148.0133, p = 0.000).
The next questions required the respondents to indicate when some assistance should be obtained while performing cardiopulmonary resuscitation on a child (as a random bystander, not as a professional on duty). The vast majority of respondents (75%) answered correctly, indicating that firstly, a resuscitation procedure should be conducted on the child for over one minute. The highest percentage of correct answers was provided by those in group III (93%), then by those in group I (78%) and finally in group II (43%; H = 123.8968, p = 0.000).
The age limit between the child and the adult was known by 80% of respondents. As the other 20% responded incorrectly, they did not know that this limit is defined by pubescence. The most correct answers were provided by those in group III at 92%. Moreover, the percentage of correct answers in group I was 75%, while in group II -63% of persons provided correct answers (H = 46.84656, p = 0.0000).
Respondents were also asked when 5 rescue breaths should be conducted in paediatric patients. The vast majority of respondents (95%) would provide the child with 5 rescue breaths before the chest compressions, while the remaining 5% would provide indirect cardiac massage first. Regarding this question, similarly to the previous one, the highest percentage of correct answers was provided in the group III (100%), then in the group I (95%) and in the group II (86%; H = 39.02753, p = 0.0000).
Due to various rules regarding use of the drugs during resuscitation in children and in adults, the respondents were asked the approximate body weight of a 5-year-old child. Only 53% of respondents responded in accordance with generally accepted standards and provided normal body weight of such child (18 kg). The percentage of correct answers was nearly the same in case of respondents in groups I and III (62% vs. 61%). The worst answers to this question was provided by respondents in group II (32% of correct answers; H = 34.10527, p < 0.0001).
The term "resuscitation" was known only by nearly 89% of respondents (n = 432). Respondents in group I, as well as in group III stated in 99% of cases that resuscitation means return to spontaneous circulation and/or respiration. In the group of nurses, however, 67% of respondents were familiar with meaning of the term "resuscitation". Other people, who provided incorrect answers, additionally indicated the return of consciousness (H = 107.0589, p = 0.000).
Purpose of answers to other questions was to determine knowledge within the scope of using pharmacological preparations during the resuscitation of a child. Firstly, the respondents were asked about the dose of adrenaline to be administered intravenously during CPR of a child. The correct answer, indicating 10 μg/kg, was provided in 89% of cases (n = 414). Although in groups III and I, the percentage of those who gave the correct answer was 100% and 98% respectively, in group II, only 53% of persons answered this question correctly (H = 173.6360, p = 0.000).
In subsequent questions, the respondents were expected to provide the levels of the first and se cond doses of amiodarone used during ventricular fibrillation/ventricular tachycardia without a pulse (VF/VT) resistant to defibrillation in paediatric patients. In case of the first dose, the correct answer (5 mg/kg) was provided by 81% of respondents (the percentage of correct answers was 85% in group I, 51% in group II, and 96% in group III). The level of the second dose of amiodarone was known by fewer respondents -74% (group I -80%, group II -42%, group III -90%). An analysis revealed statistically significant differences in the correct answers provided by the respective groups, not only in refe rence to the first dose of amiodarone (H = 121.6351, p = 0.000), but also in the case of the second dose of amiodarone (H = 109.6446, p = 0.000). In addition, the respondents were asked, after which ineffective defibrillation, the second dose of amiodarone should be administered (according to ERC 2010). Indeed, 74% of the respondents knew that according to the European Resuscitation Council Guidelines, the second dose of amiodarone should be administered after 5 ineffective defibrillations. However, 26% of the respondents answered incorrectly that the second dose should be administered after 3 defibrillations. Interestingly, 98% of the correct answers were provided by those in group III. The lowest percentage of correct answers was observed in group II -38% (H = 179.9897, p = 0.000).
The respondents were also asked about the dose of atropine (according to ERC2010) recommended in children during observed ventricular fibrillation with 85% knowing that ERC2010 guidelines do not recommend atropine administration in children during ventricular fibrillation. The highest percentage of correct answers was provided by those in group III -94%, with group II -70% and group I -84% (H = 42.28995, p = 0.0000).
In the next question, the respondents had to indicate the correct volume of fluids used during cardiopulmonary resuscitation in a 5-year-old child with 82% respondents identifying a correct answer of 20 ml/kg. Although in group III everyone provided correct answer, along with 84% of those in group I, the correct answer was provided by only 47% of respondents in group II (H = 169.5336, p = 0.000).
The last question required respondents to indicate the dose of energy in defibrillation recommended in a child during ventricular fibrillation. The correct dose, which is 4 J/kg, was identified by 86% of respondents. The highest percentage of correct answers were provided by those in group I (96%), then, in group III (94%) and, finally, in group II (70%; H = 55.96887, p = 0.0000). Table 1 presents a comparison of the percenta ges of correct answers provided by the respondents to the respective questions.
DISCUSSION
Medical interventions made by medical rescue teams in cases of cardiac arrest are not rare [9] [10] [11] . Pos-sessing a broad knowledge of advanced resuscitation procedures, as well as skills in putting theory into practice by medical personnel, frequently determines the chances of a patient's survival. Everyone, but especially those working in the medical rescue system, should be aware that each minute of delay in undertaking rescue procedures during cardiac arrest leads to the lowering of the chances of survival of the patient by 10-12% [3, 12, 13] . In order to act efficiently, as well as optimally, in situations of cardiac arrest, a "chain of survival" has been created that includes four necessary links for the management of such patients [12] . The last link refers to actions conducted by the medical personnel -i.e. advanced resuscitation procedures. Those working in medical rescue teams should have the most recent knowledge within the scope of resuscitation not only regarding adults, but also children as "the child is not a little adult." Thus, resuscitation procedures in children differ from those actions required in the case of adults, and result from differences in physiology, anatomy, or in the pathophysiology of the cardiac arrest [3] .
As was mentioned in the introduction, unfortunately, the professional literature rarely provides reports on problems encountered in cardiopulmonary resuscitation in children which occurred in the practice of medical rescue personnel. In reference to aforementioned issue, it is difficult to compare results coming from this study's material with the publications of other authors.
Self-evaluation of the medical rescue personnel in studied material was assessed as good at 4.2 points. Although nurses evaluated themselves in terms of knowledge at the highest level (4.69 points), paramedics evaluated themselves at the lowest level (3.9 points). However, it should be mentioned that in case of the group of nurses, there was a significant difference between self-evaluation and results obtained in the test knowledge test. Thus, it may be assumed that the nurses overestimated their knowledge. In case of paramedics, as well as physicians, their self-evaluation was lower that their actual knowledge.
The key element related to medical profession, including physicians, nurses and paramedics, is the continuous improvement of one's medical knowledge. Indeed, 65.5% those in the study group had participated in courses related to advanced resuscitation procedures in children. The results obtained in this study are higher than the results obtained in studies carried out by Goddet et al., who determined participation in courses related to resuscitation procedures in children at a level of 51.3% [14] . Most often, these courses were attended by paramedics (76%). This relationship is also confirmed by a study carried out by Waisman [15] In medical practice, it is very important to use professional vocabulary and appropriate terms. This is also the case in resuscitation. The terms "resuscitation" and "reanimation" are interchangeably Should PALS training be obligatory for the medical personnel? 90% 96% 100%
Age limit between child/adult 75% 63% 92%
Moment to provide 5 rescue breaths 95% 86% 100%
Defining body weight of a child based on age 62% 32% 61%
Familiarity with term "resuscitation" 99% 67% 99%
The dose of adrenalin during CPR in a child 98% 53% 100%
The first dose of amiodarone in VT/VT resistant to defibrillation 85% 51% 96%
The second dose of amiodarone in VT/VT resistant to defibrillation 80% 42% 90%
Moment of administration of the second dose of amiodarone in VT/VT resistant to defibrillation 60% 38% 98%
The dose of atropine during ventricular fibrillation in children 84% 70% 94%
Volume of fluid during fluid resuscitation in children 84% 47% 100%
Defibrillation energy dose for a child 96% 70% 94%
used -which undoubtedly is a mistake due to the different final outcome of these procedures. Although the groups of physicians and paramedics knew the definition of "resuscitation" in 99% of cases, it was known only by 67% of persons in the group of nurses. Analysis of the research material demonstrated that nurses frequently confuse the meanings of "resuscitation" and "reanimation". In similar studies, which evaluated the knowledge of dentists in San Paulo, only 60% of respondents were able to define expression "resuscitation" [16] .
In this survey, knowledge regarding age limit between the adult and the child was checked (which had been shifted from eight years of age to pubescence). Indeed, the age limit between a child and an adult was known only by 80% of the respondents. This knowledge is important, as it is used to qualify the patient to a suitable age group in order to start resuscitation using an algorithm either for adults or for children. Studies conducted by Goddet et al. showed that the level of knowledge regarding the child/adult age limit was at a level of 30.3% [14] .
Doses of medicines used during cardiopulmonary resuscitation in adults and in children vary [4] . Although in the case of adults, the doses are clearly defined (e.g. 1 mg of adrenalin), in children, these doses have to be calculated based on their body weight. During paediatric training, a common formula is used which helps to calculate average body weight in children based on their age, namely: "(age [in years] x 2) + 8". This rule was known by 53% of the respondents. Although physicians and paramedics answered correctly in 62% and 61% of cases, respectively, the worst group comprised nurses, who achieved a corrected answer score of 32%.
Doses of pharmacological preparations used in resuscitation are precisely defined and they result from assumptions based on medical facts (EBM) [2, 12] . In case of using adrenalin, this dose is 10-30 μg/kg of body weight. In studies conducted by Goddet, the dose of adrenalin was known only by 89.3% respondents [14] , while in studies conducted by Heitmiller, this percentage was comparable, amounting to 89% [17] . This study also demonstrated an overall result at a level of 83.6% -for example, in the group of paramedics, this dose was known by 100% of respondents, and in the group of physicians -by 98%. How ever, in the group of nurses, percentage of correct answers was 53%. A lack of knowledge in the group of nurses regarding pharmacotherapy in the resuscitation of children was also confirmed by the subsequent questions regarding doses of medicines. In case of the first dose of amiodarone in children, which is used in VF/VT (ventricular fibrillation/ventricular tachycardia without a pulse) resistant to defibrillation, this is 5 mg/kg of body weight. This fact was known by 51% of respondents in the group of nurses (physicians -85%; paramedics -96%). Similarly, the nurses have little knowledge regarding the second dose of amiodarone (42% -correct answers in the group of nurses), as well as after how many inefficient defibrillations, the second dose of amiodarone should be administered (38%) (Heitmiller -73% [17] , Rojas -12% [18] ).
In cases of the occurrence of ventricular fibrillation or ventricular tachycardia without a pulse, the treatment of choice includes defibrillation performed as soon as possible. Studies conducted by Goddet et al. demonstrated that the level of energy recommended for defibrillation was known by 57.2% persons [14] . Other authors obtained the following results: Heitmiller -49% [17] , Durojaiye -61% [19] . Our own study demonstrated that 97% of persons knew the energy dose recommended for defibrillation in children, which is 4 J/kg of one's body weight. Although in the group of physicians, as well as in the group of paramedics, everyone provided correct answer, in the group of nurses, only 85% of persons answered correctly.
Fluid resuscitation also constitutes an important issue regarding advanced resuscitation procedures. Moreover, supplementing the vascular bed plays an important role [19] . The correct volume of fluids for transfusion in children was known by 73% of all respondents. Although in the group of physicians, 86% of respondents provided correct answers, and 78% in the group of paramedics, this amounted to only 48% in the group of nurses. Durojaiye et al. determined percentage of correctly used fluid resuscitation at the level of 52% [20] .
CONCLUSIONS
Training within the scope of advanced resuscitation procedures in children for medical rescue personnel should be organized on regular basis, and familiarity with one's knowledge and skills should be verified.
